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RECOVERY OF TUNGSTEN FROM A HYDROTHERMALLY ALTERED DEPOSIT 


By A. E. Raddatz, ! J. Me Gomes, 2 J. J. Sjoberg, ? and M. M. Wong 4 


ABSTRACT 


The Bureau of Mines is investigating methods for recovering tungsten 
from domestic resources. A calcine-quench-leach (CQL) technique was 
developed for the extraction of tungsten from the Golconda, Nev., hot 
springs ores. The deposit contains disseminated tungsten that cannot be 
beneficiated by conventional techniques and must be treated by hydro- 
metallurgical methods. 


The CQL procedure consists of calcining the ore at 900° C for 3 hours, 
quenching in a solution containing 1.5 parts of Na,CO;z and 1.5 parts of 
NaOH per part of WO in the ore and at a solution-to-ore ratio of 3 to 
1, leaching at 200° C and at 250 psig for 3 hours, and filtering and 
washing the residue. A series of closed-circuit batch tests showed that 
92 pet of the tungsten was extracted from a sample containing 2.32 wt- 
pet WO;. The pregnant solution contained 11 g/l WO;. 


ner eee olan Aa at Sree ene Te Sk ee A ee TO NT ye ap teres 
Chemical engineer. 


2Metallurgist. 

3Geologist. 

4supervisory chemical engineer. 

All authors are with the Reno Research Center, Bureau of Mines, Reno, Nev. 


INTRODUCTION 

The Bureau of Mines is concerned with Since the tungsten cannot’ be concen- 
the development of efficient extraction trated by any conventional beneficia- 
technologies for domestic mineral re- tion process, the ores must _ be treated 
sources. Unless economic methods to uti- directly. The Nevada-Massachusetts Min- 
lize domestic materials are developed, ing Co. built ~armill “in Golconda ca 
more tungsten will have to be imported treat the ore by a hydrometallurgical 
(9).9 The Golconda tungsten deposit is process and operated the property from 
an identified resource that can be easily 1942, to 1945 (2, 7) The ore was mixed 


mined. 


The deposit, which is 3 miles east of 
Golconda, Neve, in the foothills of the 
Edna Mountains, is a hot springs deposit 
occurring in blanketlike masses under 
beds of calcareous tufa. The ore con- 
tains 0.5 to 7 wt-pcet WO,. The tungsten 
is disseminated throughout colloidal, hy- 
drated iron and manganese oxides. No 
common tungsten minerals such as schee- 
lite and wolframite have been identified 
in the ore. The deposit was described by 
Kerr and Penrose (3, 8). The deposit is 
estimated to contain 500,000 short ton 
units of WO, (6). 


with salt, soda ash, and coal and treated 
in a Dwight-Lloyd sintering machine. The 
sinter was ground and leached with hot 
water. The sodium tungstate that formed 


during sintering was extracted. Calcium 
chloride subsequently was added to the 
clarified pregnant solution to precipi- 


tate the tungsten as synthetic scheelite. 
Tungsten recovery was 60 to 70 pct of the 
WOz in the ore. 


Bureau's research 
a technique 


The objective of the 
in this area was to develop 


for extracting more than 90 pct of the 
tungsten from the Golconda hot springs 
ore. 


DESCRIPTION OF SAMPLES 


The anal- 
the three 


Crib Shaft Hill, and Big Four. 
ysis of five ore samples from 
areas are shown in table l. 


TABLE 1. -— Analysis of samples, percent 


















In earlier mining operations, the Gol- 
conda deposit was divided into several 
large, irregular areas. From east to 
west, the areas are Bed Springs Hill, 

Mine area 
1 Cri prsiaa ty sienie 
Ditela oss Oe he eee tes 
3 Bed Springs.... 
4 Big Four..ccees 
5 ccc e ede cccccee 
Ore contains 22 pct CaF>. 

Samples from the Golconda deposit had 
not been previously studied with a scan- 
ning electron microscope. Identification 


of the tungsten minerals and determina- 
tion of tungsten association with other 
minerals would assist in selecting an 


ee ee 
U numbers 


nderlined in parentheses 
refer to items in the list of references 
preceding the appendix. 


eal 
3-48 
16 


extraction technique for the tungsten. 
Results of a mineralogical study of 
selected samples are given in the appen- 


dix, and indicate the following: 


@e There was not enough tungsten in any 
grain to show the presence of common 
tungsten minerals such as scheelite 
or wolframite. 


e Tungsten occurred in grains with 
iron or manganese oxides or mixtures 
of the two oxides. 


@e Not all iron or manganese oxide 
grains contained tungsten. 

@ Manganese oxide grains containing 
tungsten also analyzed 4 to 9 pet 


Ba. Ferric oxide grains containing 
tungsten analyzed <0.6 pct Ba. 


@e Grains containing major quantities 
oL, calcium; either as limestone 
EXPERIMENTAL 


The CQL (calcine-quench-leach) proce- 
dure for extracting tungsten from Golcon- 
da hot springs ore was chosen for study 
after several conventional methods had 
been investigated. Pressure leaching in 
alkaline solutions at 200° C and 250 psig 
resulted in tungsten extractions of <30 
pct. Calcining the ore at temperatures 
upeto- 900" C ‘and “leaching at 100° C’ and 
atmospheric pressure resulted in tungsten 
exeraceion sof <50 4 pet. Calcining at 
800° to 900° C and pressure leaching at 
200° C and 200 to 300 psig resulted in an 
86-pct-W extraction. Adding an alkaline 
quench increased tungsten extraction to 
90 pct. The CQL processing sequence was 
selected for further study (1). 


CQL Process 


The laboratory procedure included 
Gly calcining the ground ore in a fire- 
clay crucible for 2 to 3 hours at 800° to 
900° C, (2) quenching the hot ore in an 
alkaline solution that was agitated ina 
large blender, (3) pressure leaching the 
slurry atc 200° C and W200 to 300 psig for 
2 to 3 hours, and (4) cooling and filter- 
ing the slurry. The residue was washed 
twice with an alkaline solution. A flow- 
sheet for the CQL procedure is’ shown in 
figure l. 





6Reference to specific brands is made 
for identification only and does not 
imply endorsement by the Bureau of Mines. 


or fluorspar, contained <0.8 pct 
W. 
e The highest tungsten content, 7.9 


pet, 
containing 43 pct Fe, 
and 0.5 pct Ba. 


was associated with a grain 
02.2 /pet Mra 


Tungsten values in the hot 
cannot be beneficiated by an ore dress- 
ing technique. Because of the dissem-— 
inated nature of the tungsten, the ore 
must be treated by a hydrometallurgical 
technique. 


springs ore 


PROCEDURE 


The bench-scale leaching was performed 
in 2-liter Parr® autoclaves, and large- 
scale, 2-kg leaches were leached in 
a 2-gal autoclave manufactured by Auto- 
clave Engineers, Inc. Technical-grade 
NaOH (sodium hydroxide) and Na,COz (sodi- 
um carbonate) were used in preparing 
the leaching solutions. Determinations 
of tungsten in solids and solutions 
were performed by an X-ray fluorescence 
procedure. 


Air 






Wash 
Leaching solution 


Wash _ solution 
NazCOz + NaOH 


Pregnant 
solution 


Residue 


FIGURE 1. - Flowsheet for CQL (calcine-quench- 


leach) procedure. 


Operating Conditions 


The best operating conditions for the CQL process were as follows: 


Calcining temperatureececvececcesccee 


Duration of GalCimMatlons «ces slat co sieve 


Quench-leach solution 


WO; in ore 


Leaching solution:ore, weight ratio.. 
Leaching temperatures. cecccccccccccecce 
Leaching PreSSurececceccccccccscsscvece 
Duration Of Lleachecccccccccccccsccces 


Residue WaSTIOU ss tele lelnceis ete ws siehereteiale a aia ate 


Unless noted 
used in all experiments. 


» weight ratio.. 


S50" Loeo0U Cs 
2 to 3 hours. 


1.5 Na,CO, + 1.5 NaOH 
1.0 WO; 


2 Lue ne Lis 
PATA p ROM 
250 to 400 psig. 


2 to 3 hours. 


2 or 3, equal to leaching 
solution volume. 


otherwise, these operating conditions and laboratory procedures were 


\ 


EXPERIMENTAL RESULTS 


Effects of Operating Conditions 
on Extraction 


The effect of calcining temperature 
on tungsten extraction is shown in fig- 
ure 2. Extraction curves are shown for 
both atmospheric leaching -at 90° C and 
pressure leaching at 200° C. Ninety- 
percent extraction was obtained by pres- 
sure leaching ore 1, which was calcined 
at 850° and 900° C. The best extrac- 
tion with atmospheric leaching was 
40 pet and obtained on ore calcined at 
9005408 


The ‘effect of; duration “of 
tion on tungsten extraction is shown 
in ‘figure 3. A ‘calcination time “of 
2 hours yielded tungsten extractions 
2 or 3 pet higher than a 1-1/2-hour cal- 
cination for the three leaching times 


investigated. 


calcina- 


100 


Ore sample | 
Time: 2 hours 
80 


KEY 
@ 14.7 psig, 9O° C 
@ 200 psig, 200°C 


60 


40 


20 


TUNGSTEN EXTRACTION, pct 





300 400 500 600 700 800 900 
TEMPERATURE, °C 


FIGURE 2, - Effect of calcining temperature on 
tungsten extraction. 


Ore sample | 


KEY 
Leaching time 
@ | hour 
v |.5 hours 
@ 2 hours 


TUNGSTEN EXTRACTION, pct 





1.0 Ss 2.0 eS 3.0 
CALCINING TIME, hours 


FIGURE 3. - Effect of duration of calcination on 


tungsten extraction at 900° C. 


The effect of leaching reagents at dif- 
ferent weight ratios on tungsten extrac- 
tion is shown in table 2. Tungsten ex- 
tractions from ore 1 were 90 pct or more 
when 6 parts of Naj,CO,, 12 parts of NaOH, 
or mixtures of 1.5, 3, or 6 parts each of 
Na,COz, and NaOH per part of WO; were 
used. The 1.5 NazCOz and 1.5 NaOH mix- 
ture was the least costly and was consid- 
ered the best suite. 


The effect of duration of the leaching 
process and temperature of the leaching 
solution on tungsten extraction is’ shown 
in figure 4. Extractions of more than 90 
pet were obtained by leaching ore 1 for 
2 hours at 200° C. The pressure’ ranged 
from 200 to 400 psig during the leaching. 
Pressure variations were due to the vapor 
pressure of CO, (carbon dioxide). 


The effect of particle size on tungsten 
extraction from three ores is shown in 
table 3. The ore samples were crushed to 
minus 10 mesh, and one-half of the sample 
was pressure leached; the other half was 
pulverized and leached. Tungsten extrac- 
tions near 90 pet were obtained with 
minus 10-mesh ore 1 and with both the 
minus 10-mesh and pulverized fractions of 
ores 4 and 5. Screen analyses of the 
minus 10-mesh and pulverized fractions of 
ore 4 are shown in table 4. 


100 


Ore sample | 


o 
jo) 






KEY 
Leaching temperature 
150°C 
@200°C 


TUNGSTEN EXTRACTION, pct 
@ 
) 


Me 5ORG 


1.0 lets; 2.0 2.5 3.0 
LEACHING TIME, hours 


FIGURE 4. - Effect of duration of leach on tung- 


sten extraction. 


TABLE 2. -— Effect of leaching reagents on 
tungsten extraction 


Tungsten 
Reagents (in ratio by extraction, | 
weight to WO;) pet 
2 Na COz. @eoeeseesea eg eeee ee e266 @ 36 
3 Na»COz. @eoeeseem@eoeoeeeeeeoeeeeoveee @ 74 
6 Na >COz. @eeoeoeeneoeoeaneeeeoeeneeoneee ed @ @ 92 
6 NaOH. eeoeoeooeoeoeooeo eo eoeeeoeeoeeeoeeeee © @ 60 
12 NaOH. @eeeeeoeeeeaeeaeseoeeseeoeeeeee @ 93 
18 NaOH. @eeeeoeoeeeoeeeoeeeseeoeeee ee &@ @ 89 
l Na,CO; are 1 NaOH. @eeeeoeeeee?es @ 70 
PS Na5CO; + ie NaOH. e@eoeeeoee? 90 
3 Na CO z + 3 NaOH. @eeeeoee7e1e#ese 92 
6 Na 5CO ms 6 NaOH. @eeeoeeoeee#eest se 92 
9 Na5COz = ts 9 NaOH. @eeeeeoe2eee8e @ 89 
2 NAF. @eeeeoeoeoaeeaestseoeeseoaeseoeeseneeoeeeoee @ 46 
4 NAF. @eeeeeoeaevoeeaoeeoeoeoeeoeeeoeseee & 52 
3 Na,COz + 3 NaOH 
Le O56 Na5B,07. @eesoseeeee ec e800 87 
3 Na,CO, + 3 NaOH 
ap l Na,P507. @eeeeeoeeaeeoeeee 80 @ @ 95 
+ l (NH, ) 2CO3. @eoeoeveveaoe eee @ 94 


TBased on analyses 
residues. 


of head samples and 


TABLE 3. -— Effect of particle size on 
tungsten extraction 


Tungsten extraction, 


pet 
Ore l: 
Minus 10 mesh.. 87-92 
Pulverized..... 84-88 
Ore 4: 
Minus 10 mesh.. 91-94 
Pulverized..... 85-94 
Ore 5: 
Minus 10 mesh.. 91-94 
Pulverized..... 90-94 


TABLE 4. - Sieve size distribution of ore 
sample 4, percent 


Screen size, mesh 















Plus DO isis are olsks ela teiete 


Minus 20 plus 35... 0 
Minus 35 plus 65... zd. 
Minus 65 plus 100.. 28 
Minus 100 plus 200. 16 
Minus 200 plus 325. 19 





Minus [3.2 yiate eh etecsto shel 

The number of residue washes also 
affected extraction. Table 5 shows the 
results of the washing tests. Residues 


were washed with a solution of equal vol- 
ume and of similar composition to the 
leaching solution. Two washes were sat-— 
isfactory for ore 5, which contained 0.78 
pet WO;, but three washes were required 
for ores 1 and 4, which contained 1.64 
and 2.32 pct WO;, respectively. A third 
wash increased extraction by 1.6 pct for 
ore 1 and by 6.1 pct for ore 4. 


The CQL technique was 
five ores, using the best operating con- 
ditions, as described previously. Ex= 
traction results are shown in table 6. 
Tungsten extraction for four samples was 
near 90 pct. Extractions for ore 3 
ranged from 73 to 82 pct. 


applied to the 


TABLE 5. —- Extraction of tungsten in 
pregnant and washing solutions, 
percent 














Solutions 
Wea Chiertercle 6 ete cheters 


Wash aoe ss e@eoeoeeeoeve8ee 2445 
Wash ves @eeeeeoeees @ rey 
Wash iS teens eLe @eeeee 26 


Was ie eis cle sisieiclssete 
Wash Dsecesccncess 
LOU Se oie 6 ois 
1.64 pct WO;. 
22.32 pet WOz. 
30.78 pct WO;. 






TABLE 6. — Tungsten extraction 
from five ores 






WO; in ore, Tungsten 


extraction, 





Five-Cycle Experiment 


The CQL technique was investigated dur- 
ing a five-cycle experiment using ore 4, 
which contained 2.32 wt-pct WO;z. This 
experiment was performed to determine if 
the wash solutions could be added into 
the leach circuit to increase both the 
tungsten recovery and the tungsten con- 
tent in the final pregnant solutions. 
Each cycle consisted of (1) calcining 2 
ke.) ofsvorewat w8502s Cul forn3: hours ingen 
oxidizing atmosphere, (2) quenching the 
hot calcine in 4 liters of solution con- 
taining 15 g/l NaOH and 15 g/l Na,CoO;, 
(3) leaching the pulp at 200° C and 400 
psig for 3 hours, and (4) filtering and 
washing the residue twice with 4,000 ml 
of solution containing 15 g/l Na ,COz and 
15 g/l NaOH. The wash solutions were 
reused in the succeeding cycles as shown 
in figure 5. The calcining and leaching 





times were changed from 2 to 3 hours 
after the preliminary experimental re- 
sults obtained with the 2-gal autoclave 


were evaluated. 


The analyses of leaching and washing 
solutions and residues are shown in ta- 
ble 7. A material balance and the W03 
and NajCOz distribution for the five 
cycles are shown in table 8. Tungsten 
extraction as calculated from the product 
analyses was 92.5 pct; as calculated from 
the head and residue analyses, it was 
gts Dia Ye es The pregnant solutions con- 
tained 89.3 pct of the tungsten in the 
ore, andthe fifth-cycle washing solu- 
tions contained 5.4 pct of the tungsten. 
Distribution shows 102 pct of the WO; 
was accounted for, but only 86 pct of 
the Na jCO;. The reason for the lower 





FIGURE 5, - Diagram of washing solutions progressions 


recovery of Na jCOz has not been deter- 
mined, but it was probably due to pro- 
cessing losses and the limit of analyti- 
cal accuracy, since the values were based 
on the analysis of sodium. 


TABLE 7. — Analyses of leaching and washing solutions and residues 


Cycle A: 
Pregnant solution........ 
Wash lececccvccccccccccce 
Wash 2eccccececcccccccces 
RESidue.ccccecccccccccvee 


Cycle B: 
Pregnant solution.....e.e. 
Wash lecevcccccccccccccce 
Wash 2ececcccccccccccvece 
Residues ccccccccccccccces 


Cycle C: 
Pregnant solution....e.e- 
Wash Lecccccccccccccccees 
Wash Zececcccccscccvcccecs 
Residue. ccccceccccsecvecs 


Cycle D: 
Pregnant solution....eeee 
Wash Lewevccccccccccccses 
Wash 2ecccccccvcccccccces 
RESiduescccccescvcvssccees 


Cycle E: 
Pregnant solution.....e..-. 
Wash lecececccsccccveccces 
Wash 2eccccccecccveccccecs 
RESidue.ccccccccccvscvccee 
Grams. Weight-percent. 





TABLE 8. - Material balance for five-cycle experiment 


Volume, | Analysis, g/l] Weight, grams |Distribution, pct 
Later Ha005 Has 


Input: 


LOCAL so cicltie ss 0 8 6 eun ere 





Output: 
Pregnant soOlution..cecceee 
Washing 1 solution....... 
Washing 2 solution....... 
ReSiducecccccccccevcveces 
Loe suOVeeai Nass cas Caren se 


( 


OTS Kereioretere austeieliclalatets sete. 6 06 110,000 29799 20.46 Pes Ws 46 (3) 
Leach and wash solution.. 28 0 35 0 980 (3) (3) 
) 2 






(3) 


38.6 
pI gy 
13.2 
par he 
= 14.5 


3) 
Totalssssssseseeeee| CG) | G) | G) | 232_ | 1,026 | 100.0 | 100.0 


Grams. 
2Weight-percent. 
3Data entry not appropriate. 


21S eg NazCOz; + 15 g NaOH per liter converted to equivalent Na,CO;. 
Probably due to sampling and analytical errors. 


DISCUSSION 


In commercial processing, 
state solutions are treated to produce 
ammonium paratungstate (APT). Liquid 
ion-exchange extraction processes to pro- 
duce APT from sodium tungstate solutions 
generated by alkaline digestion of tung- 
sten ores are described by Yih and Wang 
(10) and Kurtak (5). The pregnant solu- 
tions contain impurities that must be 
reduced to acceptable levels before a 
crystallization operation to produce APT 
can be undertaken. The most frequently 
encountered contaminants are molybdenun, 
phosphorus, and silica. 


sodium tung- 


The sodium tungstate 
ted by the 


solution genera- 
five-cycle CQL experiment 


contained the following, in grams per 
liter: 
WOzcccccccceeccee LisO 
NapCOzecrecceceee 2s 


Ala0zeceecevvceee 628 


Gade% @eeeoeeevoeaeesve 80288 ~028 
Fe50zeccee eeeeoeee <.0002 
Mn0O>.. eeoeeoeeoee08 <.0004 
MOO ze ccccccccccee <.0004 
PrOc eee eeoeeoeoeoee@ eu tO 
SiN, eceececes @eee «20 


The solution can be purified for crystal- 
lization to recover APT by the industrial 
practice described by Yih and Wang (10) 
and Kurtak (4-5). 


SUMMARY AND CONCLUSIONS 


are not 
conventional beneficiation 
techniques. A hydrometallurgical proce- 
dure, the CQL technique, was developed 
to extract tungsten directly from the 


The Golconda hot springs ores 
amenable to 


ores, and operating parameters were es- 


tablished. A tungsten extraction of 92 
pct was obtained for one ore_ sample. 
Pregnant solutions containing 11 g/l WO; 


were produced. 


REFERENCES 


1. Gomes, J. M., D. A. O'Keefe, and 6. Largson, L. P., R. L. Lowrie, and 
A. E. Raddatz (assigned to U.S. Depart- G. R. Leland. Availability of Tungsten 
ment of the Interior). Extraction of at Various Prices From Resources in the 
Tungsten From Ores. U.S. Pat. 4,167,555, United States. BuMines IC 8500, 1971, 


eepce lll 9/9s 6S pps 

Pe ec. Me eb. Unique Golconda 7. Li, Re C., and.C. Y. Wang. Tung- 
Deposit Yields Its Tungsten. Eng. and sten: Its History, Geology, Ore- 
Mite ides) Vs 4405) NOs oO, | Aupust 1945, Dressing, Metallurgy, Chemistry, Analy- 
Pps / 9- Sl. sis, Applications, and Economics. Rein- 


hold Publishing Corp., New * York, 1955, 
3. Kerr, P. F. Tungsten-Bearing Man- 506 pp. 
ganese Deposit at Golconda, Nevada. 
GerleesOGe Am. F UnULLS, Ve. Ol s 1940, Oe PeUuLoGes (hen. Ley. sls A Pleis- 
PPe 59-1389. tocene Manganese Deposit Near Gol- 
conda, Nevada. JeGeOLes “Vern, 1893, 
4. Kurtak, C. R. (assigned to pp. 275-282. 
Union Carbide Corp., New York). Sepa- 





ration of Molybdenum From Tungsten 9. Stafford, P. T. Tungsten. Sec. 
Valves. Paleo. @obater5,.73,/54, Mar. 16, in BuMines Mineral Commodity Summaries 
1965. LOTS De NLT 217% 

Ds ; Solvent Extraction Pro- 10mm VilyvemogeWewie,) and) CC...” Wangs 
cess for Recovering Tungsten Values Tungsten. Sources, Metallurgy, Proper- 
From Contaminated Aqueous’ Solutions. ties, and Applications. Plenum Press, 


Usseuratiui, 1005400, Nove 24,1964. New York, 1979, 500 pp. 


10 


APPENDIX 


Four ore samples were selected for the 
microprobe study: samples 2, 3, 4, and 
5. These four were selected because they 


are representative of the major types of 
mineral assemblages in the deposit, and 
they include at least one sample from 


each of the three mine areas. 

Representative samples were mounted in 
epoxy in l-inch bakelite ring molds, 
ground and polished flat for microprobe 
examination and quantitative analysis at 
selected points. The instrument used was 





an International Scientific Instruments, 
Inc., Super IIIA scanning electron micro- 
scope, equipped with a Princeton Gamma 
Tech energy-dispersive X-ray spectrom- 
eter. Pieces of pure metals mounted and 
polished in the same manner as_ were the 
samples were used as compositional stan- 
dards for the quantitative analysis. 


Sample 2 from the Crib Shaft area con- 
tains 1.6 pct WOz and consists mainly of 
hydrated iron oxides, 29 pct; manganese 
oxides, 19 pct; and fluoride, 22. pct. 


GRAIN A 


FIGURE A-1, - Scanning electron microscope photomicrographs taken in backscattered electron 
mode of sample 2 from Crib Shaft area. A, Typical grains; B, calciumerich, iron- 


rich grain; C', complex manganese-iron oxide grains; D, iron oxide grain. 


Kerr identified limonite as the major 
iron oxide mineral present in samples 
fromeythis areas (3). A polished sec- 
tion of the ground ore is shown in fig- 
ure A-IA. The maximum dimensions of the 


grains range from 10 to 150 wm. The conm- 
plex mineralogy of the ore is illustrated 





Lo 


32 PGs lie peueares O.2 pet Ba, “and 3.5 
pet W. Figure A-1D shows a major iron 
oxide grain containing De pclae O60 pct 
W505) pet Ba; cand, 0.2 pct Mn. 


Analysis of the 
the points on the 


grains indicated by 
photomicrographs is 


in figure A-1B. The high-calcium, dark shown in table A-l. In this ore, tung- 
material, probably fluorite, does not sten is associated with iron oxide 
contain tungsten, while the high-iron, grains containing <0.2 pct Mn and <0.6 
light material contains 2.7 pct W. Fig- pet Ba, and with manganese oxide grains 
ure A-1C shows a grain composed of man- COnCaamine wo omepCe Ming 6° to! 17° “pet Fe, 
ganese oxide, lime-iron oxide mixture, and 6-J/empcc, Ba. Phases containing 
and tmanganese-iron oxide mixture. The major quantities of calcium, 48 pct as 
manganese oxide phase contains 58 pct limestone or fluorspar, have <0O.1 
Miya cr pei bay and) 0.4: pct iW. The pet W. Major calcium grains containing 
lime-iron oxide phase contains 37 pct Ca, iron or manganese oxides analyzed up to 
LUV pcerre, wee petiyeba,) and» 0.8. pet Ws 0.8 pct W. 
The manganese-iron oxide mixture contains 
TABLE A-1. - Microprobe analysis of ore sample 2, percent 
L 
i 
6 
1 
0 
2 
6 
1 
Points are shown on figure A-l. 
Sample 3 containing 0.68 pct WO; is Oe peur ii. 2) epctiba, and:1,4 to) 2.6pct 
from the Bed Springs Hill area of the W. An example of the grains is’ shown 


deposit. The sample consists mainly of 
ferric oxide and silica. A polished sec- 
tion of the sample is shown in figure A- 
2A. The ore contains some iron-rich 
grains without any tungsten, <0.1 pct Mn, 
and <Q.3 pct Ba. Examples of these 
grains are shown in figure A-2B. Other 
grains with 30 to 40 pct Fe contain 


in figure A-2C. A third high-manganese 
phase containing 6.6 to 7.6 pct W, 36 
Comssepceerm, so to 10% hpct Fe, and. °6 to 
7 pet Ba is shown in figure A-2D. San- 
ple 3 contains only a minor quantity of 
manganese-rich grains and analyzed only 
0.4 pet MnO,. 
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FIGURE A-2, - Scanning electron microscope photomicrographs taken in backscattered electron 
mode of sample 3 from Bed Springs Hill area. A, Typical grains; B, iron-rich 
grains; (’, irons and manganese-rich grains; ), manganese-rich grains. 


In sample 3, the tungsten is associated contain <0.3 pct Ba and 0.1 pct Mn. The 
with iron oxide phases containing both microprobe analysis of grains as indi- 
Manganese and barium. Tungsten is not cated by the numbered points is’ shown in 
present in the iron oxide phases that table A-2. 


TABLE A-2. — Microprobe analysis of ore sample 3, percent 





Ip 


Sample 4 from the Big Four area of the 
mine is a high-grade ore containing 2.32 
WOz and 69.4 pct manganese oxide. Kerr 
identified the major manganese minerals 
from this area as psilomelane and hollan- 
dite (3). Most of the grains contain >40 
Dee mn, 4.4, Co Soepctwn,  4,.0to | 9.3 pet 
Ba, and <l1.2 pct Fe. A typical grain is 
shown in figure A-3A. An iron-rich grain 
is shown in figure A-3B. The grain con- 


tains 47 pct Fe, 2.1 pet Mn, 0.6 pct Ba, 
Iron-rich grains 


and 365 pct. W. are a 
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minor constituent because 
contains only 1.5 pct Fe. 
shows an example of a complex grain 
with manganese-rich phases’ containing 
only 0.1 pet W intermixed with manganese- 
rich phases containing 4.8 pct W. The 
manganese-rich phases with only “Osl 
pet W contain 20 pct silica, while the 
manganese-rich phases with 4.8 pct W con- 
Lai neoniv woes per silica. The analysis 
of grains indicated by the numbered 
points is shown in table A-3. 


sample 4 
Figure A-3C 











FIGURE A-3. - Scanning electron microscope photomicrographs taken in backscattered electron 
mode of samples 4 and 5 from Big Four area. A, Typical grain; B, iron-rich 


grains; (, manganese-rich grain; ), complex tungsten-containing grain, 
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TABLE A-3. — Microprobe analysis of ore samples 4 


and 5, percent 





Sample 4: 
Veces e's 
Dake setae 
Diam eie aes 
Yesecces 
Dejeeis 8s 
Olsis es sete 
Tiststees 6s 

Sample 5:2 
Leccccee 


Dighele ieee 





| Wo} Fe | Mm {| Ba [| Al | Ca | 


Points are shown on figures A-3A, B, and C. 


Si 









WUNnNDOOW CO £- 


ee) 






2Points are shown on figure A-3D. 


Sample 5 from the Big Four area of the 
mine contains Q./8 pct WO, and is mainly 
composed of iron oxides, 24 pct, and 
Silica, 44 pct. Except for the tungsten 
contents, the grains have a_ fairly con- 
sistent composition of iron, 44 to 52 
pet, manganese, <0.2 pct, and bariun, 
Oe2 to Osse pec. Tungsten contents range 
from 0 fOn/.Jepee, The varying tungsten 


content in a single grain is illus- 
trated in figure A-3D, and the analyses 
at the numbered points are shown in ta- 


ble A-3. The interior of the grain con- 
tains 2.2 pct W, while the veinlet on the 
rim contains 7.9 pct W. The grains in 
this ore had the most uniform composition 
of any of the ores examined. 
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